Automation and computerized control of processes in electric power plants were intensively started at the end of seventies and at the beginning of eighties during the introduction of microprocessor-based computer systems. The first generation of the information processing equipment has in most cases already become disused. From that time, visibility of controlled process has been increased by installing new and modern devices which enable better informing about all relevant events. The increased quantity of information by which processes can be described implies that new and more efficient techniques for information modeling should be developed.
Introduction
The starting point for electric power plant (EPP) modeling for the needs of building an attached building and maintenance of the automation and control system is a process information modeling. Structure of information and information flows between the controlled power plant and control system must be known. Determination of the data and signals structure of the information flows is a very complicated task even for small EPPs.
There are problems arising out of: equipment diversity used in EPPs; complexity of technological process in controlled systems, which surpasses knowledge of a single person and thus sets up an imperative to organize a group of people (experts) for a particular part of the process technology; a relatively great number of signals which interchange between controlled and control systems; a need for good expertness in concrete EPP and its specific qualities.
In Chapter 2 of the paper, the function-based modeling of process signals is presented. Such modeling approach is technology-dependent, and now we are treating it as an obsolete approach. Nevertheless, a short description of the approach is included here because devicebased approach is partly based on it. Thus, a reader can consider the evolution of our modeling paradigm more easily. The function-based approach has been used for information modeling of processes in EPPs during the years of our projects 8]. In Chapter 3, methodology for process signal design based on devices as basic element of each EPPs is presented. Devicebased modeling approach is focused on identification of devices by their location in EPP and assigning signals to each device type. By the paradigm, the process signal structure of the observed EPP is obtained in a modular and optimal way. Besides, it is underlined in Chapter 4 that the described devices-based modeling fits into modern object-oriented modeling approach. How the device-based model could be mapped into object-oriented model is also explained in this chapter.
Function-Based Process Signal Model
The function-based process signal model represents the first generation process signal design, which originates from the beginning of the eighties. It is based on the technological modules of an EPP, along with signals by their function in the EPP process ( Figure 1 ). By such a model, EPP process signals are defined according to their location (particular technological module in the EPP) and function i.e. signal function in the EPP operation description. Technological modules are considered as sources and sinks of signals, and signals are categorized by their function. In the model, function-technological module (FTM) is used as a base for signal structure definition. The generator commands or transformer alarm signals are examples of the FTMs (Table 1) . By introducing the third aspect of a signalthe signal value, the corresponding EPP signal structure is defined as a three-dimensional vector (Figure 2 ).
The set of signals S FT on the level of an EPP for all technological modules and for all types of signals can be defined as: (1) S FT = fα xyz g x = 1 2 3 : : : m y = 1 2 3 : : : n z = 0 1 2 : : : r where α xyz presents the signal defined by function x, location y and value z. The signal subset S x represents all signals of one FM from all technological modules of an EPP. It can be defined by the equation (1) with x = cons. yz-plane in Figure 2 relates to this subset. The signal subset S y represents all signals of all FM from one technological module of an EPP. It can also be defined by the equation (1) with y = cons.
(xz-plane from Figure 2 ). Finally, the subset S xy (FTM) depicts all signals from one technological module and for one signal quality i. e. function. It can also be defined by the equation (1) , but with x = cons. and y = cons. Model of process signal structure organized in the above-mentioned way and defined at the level of an EPP, can be used for EPP operation analysis and for estimation of various information flows. However, it has some specific limitations and drawbacks, as follows:
Process signals are organized at the level of technological modules in EPP, the complete procedure has to be repeated for each EPP. The model is not independent of the EPP. Moreover, modular design is not possible.
Device, as a basic EPP component, is not separated as an information bearing unit.
Device states cannot be defined for the needs of a modern process signal design, and the links among devices cannot be determined either.
Redundancy of the data entry is significantly greater.
As an example, one part of process signal base generated by function-based modeling approach is presented in the third group (composed of three digits) defines the signal value (z dimension from the model).
Device-Based Process Signal Model
Our new approach to designing the process signal base is based on the device as the main information bearing and organizational unit 3], 6], 9]. There are three steps in the design:
1. Signal structure systematization by device types (determination of signals generated or received by devices of particular type) 2. EPP analysis by means of the technological module (decomposition of an EPP into disjunct modules and making associations between devices and the modules).
3. Determination of the signal usage (locations of particular signal usage).
With the new design approach, some new concepts necessary for the model description have come up. The concepts (variable, variable value, signal by device type and signal by EPP) are described in the following sections (from 3.1. to 3.3).
Signal Structure Systematization by Device Type
Signal structure systematization represents the core of the EPPs process information model. The term signal structure systematization comprehends The device type identification points up and considers all devices in the EPPs which in any way represent the signal source or sink, and which give us an insight into the state of the controlled process. A device can be observed as an abstraction of the technical device without regard to function of that technical device in the particular EPP, but with regard to information characteristics by which the EPP operation is described. Devices are modeled regardless of the question whether they are used in several different places in the EPP. Also, the operation fields of these devices have not been taken into account. Such a model represents a device type.
In Table 3 , a part of device type list is presented. After the device types identification, variables which describe device operation have to be defined. In Figure 4 the device type and the variables pertaining to this type are presented.
The variable is a quantity that may assume any given value by which we can describe the device operation in EPP. At a particular point of time, a value is assigned to the variable and they together make up a signal. The device type is determined by at least one variable, but depending on the operational complexity of the device it can have more than one. in operation. By them, the device states are defined. The variable can be described by two or more values.
The arranged couple ( variable)+(variable values)]form a signal. Thus, the signal is defined as a quantity made up of the variable name with values pertaining to it. Schematic presentation of a device type with associated signals is presented in Figure 5 . The group of signals represents a static set of all possible signals by which operation of the device type is described. An example of device types with associated signals is presented in Table 4 . The content of the From the list presented in Table 4 , it is possible to derive the set of static signals by device types. An example of such a set of static signals is presented in Figure 6 .
The set of static signals per device types is created independently of any particular kind of EPPs. So, its subsets could be applied to hydroelectric power plants, thermo-electric power plants, transmission and distribution electric power systems. Furthermore, signal structure can be presented in a 3D coordinate system as a vector according to Figure 7 . Device types are marked on the x axis, variable names on y and variable values on the z axis. device type. The subset can also be defined by equation (2) , but with x = cons. and y = cons.
Finally, the subset of points on the xy-plane represent the set of all variables per devices. This variable set, each for itself defines one signal and is presented by equation (2) with z = cons.
According to circumstances and application of such a model, one can define other characteristic sets of process signals. Comparing equation (2) and related equations with equation (1) and its related equations, which are used in describing the device-based and the function-based models, the following may be concluded:
Formally, the structural frame of expressions of particular process signal sets i. e. sets S FT and S D is entirely analogue.
In essence, S FT and S D sets represent completely different process signal sets and enable different approaches to process signal design.
The S FT sets are strictly tied with the technology of a particular EPP and cannot be directly applied to other EPPs.
Device-based process signal sets S D are generic (technology-independent) and open designed and they can be universally applied to a great array of EPPs.
Process signals of device-based design represent technology-independent data base of signals which can be easily expanded with new signals.
Technological Decomposition of an EPP
The first requirement in scope of information modeling is defining a device type model. The model is described in 3.1. The second requirement is defining an EPP model. That model should allow unambiguous device identification on the base of its location in EPP. In the model, device systematization by location follows technological structure of an EPP.
Because even a small EPP is too complex a system to embrace its overall operation at once, internal functioning of its subsystems should be described. Therefore, the model construction begins at the level of subsystems. Subsystems have to be built according to the following principles:
the borders between subsystems and ways of their interaction at these borders have to be determined; a subsystem has to be rather simple for the internal operation description; subsystems mustn't overlap; the whole modeled system has to be constructed by combining all its subsystems.
To satisfy the condition that the subsystems mustn't overlap, we introduce the following concepts: technological unit, technological field, technological modules and technological submodules.
Technological unit is a group of devices in the EPP that performs some complex function (command room, engine room). Figure 9 , and the printout of the set of signals per EPP is presented in Table  6 .
Signal Usage Location
After the set of static signals per EPP is generated, signal usage location has to be determined. If we consider, for instance, a hydroelectric power plant as an EPP, the plant would be basically divided into the following technological units: control room, engine room and water power supply. and turbine engine splitting (TE). In addition to these usage locations, we have to point out two remote signal usage locations: Regional Control Center (RC) and National Control Center (NCC). Table 6 shows EPP signals and their usage locations. By defining Table 7 , we have completed the EPP process signal designing.
At the end, it can be concluded that proposed device-based EPP modeling has to be done in three phases:
the result of the first phase is a generic set of process signals per devices; the result of the second phase is concrete set of process signals at the EPP level;
in the third phase, usage locations of every single signal should be determined. 
The Object-Oriented Characteristics of Device-Based Modeling
In the previous chapter, device-based information model of the EPP is described. The core of the model are the devices arranged within technological EPP modules. The devices send and receive various signals. Such modeling is based on device abstractions and it can be applied in information modeling of any type of EPP. Functional modeling elaborated in Chapter 2 does not offer such flexibility.
In this chapter we want to underline and explain one important characteristic of devicebased modeling: modeling based on the devices in the very essence represents an object oriented view of the EPP, i. e. its parts. The following describes how to supplement devicebased model described in the previous chapter so as to become object model. Objectoriented modeling, nowadays, is considered to be a very qualitative and effective approach to system modeling. Moreover, it is supported by many modeling languages and tools. Therefore, our effort to define principles for mapping the device-based model to the object-oriented one is quite comprehensible 3], 9], 11].
Analogy Between Device-Based and Object-Oriented Model
The object model is based on the following concepts: object, object type, attribute, signal, state, operation, and behavior 1], 2], 5], 10].
Object is a concrete phenomenon of some abstraction. It is a basic entity in the object model with good determined borders and identity. The object encapsulates state and behavior. It is also an instance of some type of objects. In an EPP, devices represent sources of information. Some of them are also controllable elements in the EPP and are responsible for some behavior. Consequently, the most important objects in object-oriented information model of an EPP represent abstractions of real devices. These objects represent abstractions of technical devices actually placed in an EPP.
Object identity can be defined by its location in the EPP and following the technological decomposition described in 3.2. (Figure 8 . Apart form being in some state, an object is responsible for certain behavior. Behavior of the object is everything that can be registered and is a result of some event (signal, elapse of time, change of state or a demand for a certain operation). Operation represents a service incorporated into the object. This service can be required form the object of some specific type by which a specific behavior is provoked. For example, we can require connection of the objects of the Feeder Disconnector type by requesting the operation Connect().
In object-oriented model representing some EPP, the most frequent events are the object state change and signal appearance. The appearance (sending) of the signal is therefore a sort of event. The signal is interchanged between the objects, of which one represents sender of the signals e. g. a device object, and the other represents receiver of the signals e. g. usage location object. For example, the object of the Feeder Disconnector type can receive the signal Disconnect from the controlling object. A controlling object is an abstraction of one part of the system to control the EPP. This signal will provoke state change of the feeder disconnector if it is in the state Connected. Having changed from the state Connected into Disconnected, the feeder disconnector will send the state change information signal to the controlling object. This behavior can be illustrated by state diagram (Figure 10.a) . In an objectoriented model, even the signal is treated as the object, the instance from the definite signal type (see Figure 10 .b) which is mutually exchanged between object couple sender -receiver. The concept object type represents a set of the same sort of objects which share the same attributes, operations and associations with other objects. Finally, analogy between the concepts of the device-based and object-oriented models of an EPP is illustrated in Table 8 .
Object-Oriented Modeling Strategy
Basic steps toward object-oriented EPP modeling are presented in Figure 11 . The first step "finding of types and objects" is undertaken to identify objects as technical device abstractions which preserve their characteristics of technical devices as such, regardless of their function in the EPP, but with regard to information and process characteristics by which the EPP operation is described.
The second step is undertaken to identify structures of the types: generalization -specialization (G -S) Figure 12 .a) and the type: wholepart (W -P), Figure 12 .b). The examples elaborated in this chapter have illustrated the most important aspects relevant for relating the object modeling to the device-based EPP process signal modeling strategy.
Conclusion
Efficient and high-quality designing of the EPP automation and control systems was a real challenge during the nineties and has been ever since. The problem of process signal base specification is a significant design problem which can be resolved by using adequate information modeling technique. An efficient approach to the EPP information modeling can significantly Fig. 12 . Generalization-specialization and whole-part structure.
improve the process of automation and development of the control system design.
Proposed device-based process signal modeling offers a modular solution which enables efficient, rational and open possibility to organize a process signal base. The previously used functional design has some specific limitations, because a model can be defined only for one EPP and it cannot modularly and openly describe a larger system with more than one EPP. The device is not separated as an information bearing unit and device states cannot be defined for the needs of modern process signals design. Redundancy of the data entry is significant. The device-based design of a process signal base is, on the contrary, modular and open for describing a large number of EPPs, which is based on unique process signal base and it can be efficiently supplemented accordingly to the changes of primary process equipment. It is based on the device as the main information bearing and organizational unit. Besides the modularity, it can also be very easily mapped into the modern object-oriented model. The strength of object-models opens entirely new possibilities for EPP information modeling as well as for improving automation and control system design process.
Therefore, focus of the study will be on the further improvement of the described objectoriented modeling and also on development of a tool for both EPP modeling and automatic process signal sets generating.
